(Submitted for publication June 12, 1953; accepted March 3, 1954) The intravenous infusion of l-nor-epinephrine in persons with normal cardiovascular systems produces a hemodynamic state which in many respects resembles that found in patients with essential hypertension. In the systemic circulation there is in each of the two conditions an elevation of the systolic, diastolic and mean arterial pressures, an unchanged or moderately decreased cardiac output, an increase in systemic peripheral resistance and usually an absence of subjective symptoms (1) . This similarity in the two hemodynamic states has led to the suggestion that l-nor-epinephrine may be a humoral agent responsible for essential hypertension. If this were true, then the hypertensive state produced by l-nor-epinephrine should produce changes in all portions of the circulatory system similar to those found in essential hypertension. The dynamics of the pulmonary circulation have been shown to be different in the two states; the intravenous infusion of l-nor-epinephrine raises mean pulmonary arterial pressure whereas this pressure is normal in patients with uncomplicated essential hypertension (1) .
The present study was undertaken to determine whether the circulation in specific portions of the systemic vascular system, in this instance the peripheral cutaneous capillaries, is the same in subjects with l-nor-epinephrine induced hypertension as in patients with essential hypertension. Accordingly, the capillary circulation of the nailfold during the sustained hypertensive state induced in control subjects by continuous intravenous infusion of l-nor-epinephrine was compared with the nailfold capillary circulation of patients with essential hypertension. The observations indicate that for similar levels of elevated arterial pressure the capillary circulation of the nailfold is more reactive in the l-nor-epinephrine induced hypertension than in essential hypertension. A previous study indicated that the nailfold capillary circulation of subjects with essential hypertension was more reactive to single rapid injections of epinephrine than the similar capillary circulation of control subjects (2) . The control period a solution of l-nor-epinephrine,l 4 gamma per cubic centimeter in isotonic saline solution, was then substituted for the original saline solution, without disturbing the patient, by changing the infusion bottle. The rate of infusion of the l-nor-epinephrine was increased progressively and with each increment the arterial blood pressure, the pulse rate, and the reaction of the terminal capillary loops at the base of the fingernail were recorded. The rates and duration of infusion of l-nor-epinephrine are indicated in Tables I and II. RESULTS
Reactivity of capillary bed
The terminal capillary loops of the nailfold of the finger were usually patent with a -rapid blood 1 Bitartrate salt (synthetic: supplied by WinthropStearns, Inc.). flow in both normotensive and hypertensive subjects. Intermittent momentary interruptions of blood flow occurred in the arterial segments of the capillary loops. The cause of these interruptions in blood flow could not be determined directly since the vascular bed proximal to the terminal capillary loops could not be visualized clearly. However, when the capillary beds of human bulbar conjunctivae and of the mesenteries of mice were observed, similar, though less frequent interruptions in capillary blood flow were seen. These gaps in blood flow were observed to be produced by intermittent constriction of the metarterioles and precapillary segments of these vascular beds and epinephrine was seen to increase the frequency of constriction of these metarterioles and precapil- laries. Epinephrine was also observed to increase the frequency of interruptions of blood flow through the terminal capillary loops of the nailfold. For these reasons the interruptions of blood flow through the capillary loops of the nailfold were interpreted as the result of irregular, periodic vasoconstriction of the minute vascular bed. The relative contribution of the arterioles, metarterioles, and arterial segments of the capillary loops in the production of these gaps in blood flow could not be determined. (The proximal portions of the arterial segments of the capillary loops probably were capable of active vasoconstriction since the interruptions in blood flow occurred independently in adjacent capillary loops.) The process of intermittent vasoconstriction of the minute vascular bed has been termed "vasomotion" (3-5).
In patients with normal blood pressure, there were usually 3 to 14 interruptions of blood flow through, the arterial segment of the capillary loops per minute (denoted in Table I under Intensity of Vasomotion by x and 1 x ). Each cessation of blood flow rarely exceeded two seconds in duration. In patients with essential hypertension there was usually a definite increase in the frequency of interruptions of blood flow through the capillary loops, often averaging 15 to 30 cessations of flow per minute (denoted in Table II L-nor-epinephrine infusion, normotensive subjects (Table I) When l-nor-epinephrine was infused intravenously in patients with normal blood pressure, both the systolic and diastolic pressures increased as the rate of infusion increased. Concomitantly, vasomotion increased progressively as indicated by the increasing frequency of cessations of capillary blood flow. The duration of each interruption of blood flow increased but slightly, so that the resulting ischemia of the arterial segment was not maintained for intervals longer than two seconds. A stage was finally attained during which the capillary bed appeared similar to that observed in patients with essential hypertension. This stage was reached when the diastolic pressure had been elevated an average of 11 mm. Hg (range from 4 to 26 mm. Hg) to levels of 70 to 90 mm. Hg (Table   I ).
When the rate of l-nor-epinephrine infusion was increased further, not only did the frequency of interruptions of blood flow through the arterial segments of the capillary loops increase, but the duration of the cessations of flow became progressively longer until an "ischemic state" developed which no longer resembled the capillary blood flow seen in patients with essential hypertension. The entire capillary loop (not the arterial segment alone) now disappeared from view for periods of two seconds to several hours. At times complete cessation of blood flow through the capillary loop occurred so that stagnated clumps of red blood In fifteen patients with normal blood pressures the mean rate of infusion of l-nor-epinephrine required to produce an initial ischemic reaction was 0.23 gamma per Kg. per minute (standard deviation of 0.07). Figure 1 is a photomicrograph (68 x ) of the capillary bed of the nailfold of a patient with normiial blood pressure. Figure 2 indicates the initial ischemic reaction of the capillary bed during the infusion of l-nor-epinephrine.
L-nor-epinephrine infusion, hypertensive patients (Table II) When l-nor-epinephrine was infused in patients with essential hypertension, both the systolic and diastolic pressures increased as the rate of infusion was increased. The rise in systolic pressure with low rates of infusion was significantly greater than the rise which occurred in patients with normal blood pressures (Table III) . As the rate of infusion was increased, however, the rise of systolic pressure became progressively less marked, as compared to the continuing rise of systolic pressure in patients with normal blood pressures. There was no significant difference in the rate of elevation of the diastolic or mean arterial pressures in patients with essential hypertension and with normal blood pressures (Table III) .
As l-nor-epinephrine was infused in patients with hypertensive vascular disease, vasomotion of the minute vessel bed, initially greater than normal, increased so rapidly that an ischemic reaction occurred with low rates of infusion (Table  II) . Again the "disappearance" of capillary loops and the stagnation of clumps of red blood cells in adjacent vessels did not occur simultaneously. Usually two or three loops in any one microscopic field were involved initially. As the rate of infusion was increased, progressively more capillary loops became ischemic. In patients with essential hypertension, the initial ischemic reaction of the capillary bed occurred when the rate of the 1-norepinephrine infusion had raised the diastolic pressure an average of 4 mm. Hg (range from 0 to 18 mm. Hg) from the initial level. In fifteen patients with essential hypertension, the mean rate of infusion of l-nor-epinephrine required to produce an initial ischemic reaction of the capillary bed BLE III Resting levels and increases of systemic arterial pressures during l-nor-epinephrine infusion in patients with normal blood pressure and with essential hypertension 
DISCUSSION
The total systemic peripheral blood flow in patients with essential hypertension is not significantly different from the blood flow in persons with normal blood pressure (6, 7) . In one aspect of the peripheral blood flow, the capillary circulation of the nailfold of the finger, a specific difference in the hypertensive patient is noted. Vasomotion, the irregular momentary cessations of capillary blood flow which probably reflects periodic, irregular vasoconstriction of the contractile elements of the minute vascular bed, is usually accelerated in patients with essential hypertension. The infusion of l-nor-epinephrine appeared to intensify vasomotion. When l-nor-epinephrine was infused intravenously in persons with normal blood pressures, the capillary circulation of the nailfold began to resemble that observed in patients with essential hypertension. There was, however, a significant difference. Vasomotion of the capillary bed to a degree resembling that seen in patients with essential hypertension was produced by 1-norepinephrine when the diastolic blood pressure levels were still within the normal range. Attempts to increase the diastolic blood pressure to levels found in patients with essential hypertension produced a progressive and persistent ischemia of the capillary bed, an appearance not usually seen in patients with essential hypertension. Apparently the diastolic hypertensive state associated with the infusion of l-nor-epinephrine may have central systemic hemodynamics similar to those observed in the diastolic hypertensive state associated with essential hypertension but not a similar nailfold capillary circulation.
The capillary bed of the nailfold of patients with essential hypertension appeared significantly more reactive to l-nor-epinephrine than the same capillary bed in patients with normal blood pressure, as judged by the rates of infusion required to produce initial ischemia of the capillaries (t = 8.4). This could not be attributed solely to the increased intensity of vasomotion initially present in persons with essential hypertension whereby only a slight additional vasoconstriction induces an ischemic reaction. As indicated in Table II, vasomotion in patients number 3 and lOa was not more intense initially than in the average patient with a normal blood pressure. The quantity of l-nor-epinephrine required to induce ischemia, however, fell in the same range as that required by hypertensive patients with initially increased vasomotion. This hyper-reactivity of the capillary bed of the nailfold of patients with essential hypertension to sustained intravenous infusions of 1-norepinephrine conforms with the previously reported hyper-reactivity to single injections (2) .
The reaction of the circulation in the capillary bed of the nailfold proved to be a more sensitive index for detecting small quantities of intravenously injected l-nor-epinephrine than was the reaction of the arterial blood pressure, as determined by the auscultatory method. Striking alterations in the capillary blood flow during the lower rates of l-nor-epinephrine infusion were often accompanied by absent or minor alterations in the blood pressure (Table I and II) . This was especially noted in patients with essential hypertension.
The elevations in blood pressure and the effects induced in the capillary bed of the nailfold by the infusion of l-nor-epinephrine represented acute changes, for periods not exceeding three hours. During this period, the capillary bed exhibited few signs of adaptation. Even during marked ischemia there was no tendency to return toward the normal state as long as the infusion of 1-nor-epinephrine continued at a steady rate. It is possible, however, that l-nor-epinephrine, acting over an extended period, could produce a chronic hypertensive state without inducing a chronic ischemic reaction in the capillary bed of the nailfold. A study of the capillary bed in patients with persistent hypertension due to pheochromocytoma would, therefore, be of interest.
It would be tempting to conclude that the reactions of the capillary circulation of the nailfold here reported indicate the reactivity of the capillary circulation as a whole. In support of such a conclusion one might cite observations which indicate that the reactions of the capillaries of two other areas, the mesoappendix of the rat (8) and the bulbar conjunctivae of man (9) , are similar to those here noted for the nailfold. However, a conclusion that the systemic capillary circulation as a whole is more reactive in l-nor-epinephrine induced hypertension than in essential hypertension is specifically avoided. The variations in capillary reactivity in different vascular areas are too great to permit generalizations from observations on restricted capillary fields. Accordingly, the conclusion of this study remains that for comparable levels of diastolic blood pressure the capillary circulation of the nailfold of the finger is more reactive during 1-nor-epinephrine induced hypertension than in essential hypertension. Furthermore the present observations were made in patients of the middle and older age groups with associated disease states. The results, therefore, are not necessarily applicable to young healthy adults or to young adults with uncomplicated essential hypertension.
